Mutational spectrum
In E70-80% of cases, PHP-Ia is caused by haploinsufficiency because of maternally-inherited heterozygous inactivating mutations of GNAS gene 1, 2 (personal data). In very few cases, large deletions including part or the whole gene have been reported, 3, 4 while in a further subset of patients cytosine methylation defects of the GNAS promoters have been identified, a pattern typically found in PHP-Ib. [5] [6] [7] [8] Patients affected with PHP-Ib share a loss of methylation on the maternal A/B exon of GNAS. Those with the autosomal dominant form of PHP-Ib (AD-PHP-Ib) display an isolated loss of methylation at exon A/B associated with a recurrent 3-kb deletion in the STX16 gene, although a 4.4-kb deletion has been described in one family with AD-PHP-Ib. 9, 10 In four families with AD-PHP-Ib, NESP55 and NESPAS deletions have also been described leading to the loss of all maternal GNAS imprints (epimutations). [11] [12] [13] In most cases, PHP-Ib is sporadic, and is characterized by complete loss of methylation at the NESPas, XLas and A/B promoters, and no other changes in cis-or trans-acting elements have been found to explain this loss of methylation. In some cases (2-20% of the patients with PHP-Ib) paternal 20q disomies have been described. [14] [15] [16] [17] 1.6 Analytical methods Bi-directional DNA sequencing of exons 1-13 and their flanking intronic sequences is employed for the detection of point mutations and small insertions and deletions. Sequencing is recommended when PHP-Ia is suspected.
Methylation specific-multiplex ligation-dependant probe amplification (MS-MLPA) with SALSA kit ME031 (MRC-Holland, Amsterdam, The Netherlands) can be applied to detect methylation defects, 16, 18 reported STX16 deletions, and deletions encompassing GNAS. Pyrosequencing with specific primers after bisulfite treatment of the genomic DNA, allows the detection of methylation defects, 19 although it cannot uncover deletions of GNAS.
Fluorescent PCR of microsatellites D20S102, D20S1063, D20S496, D20S459, D20S443, D20S171 and D20S173 is recommended to confirm/exclude paternal 20q disomy. Analysis of the trio (parents and index) is essential for definitive conclusions.
Analysis of deletions causing methylation defects should be run by long-PCR. 11-13
Analytical validation
Sequencing validation: confirmation of mutation in an independent biological sample of the index case. Special care is required in the interpretation of variants of unknown clinical significance (non-previously reported missense mutations). The gold standard is functional analysis (view 3.1.1) but this is usually not possible in a diagnostic set up. The variants should therefore be interrogated using conservation analysis, segregation analysis in the relatives of the index patient, analysis of at least 300 chromosomes from normal ethnically matched controls, and, if possible, predictive protein analysis. Thus, a statement must indicate the analysis that has been undertaken.
MS-MLPA validation:
Parallel analysis of negative and positive controls Deletions encompassing a single probe should always be confirmed by alternative methods. Initially, sequencing should be undertaken to exclude the presence of a mutation or polymorphism in the probe-binding sequence, resulting in a false positive result. If no variant is observed, quantitative PCR, 19 quantitative multiple PCR of short fragments 20 or high density array CGH 3 should be undertaken to confirm the presence of the deletion. Methylation defects should be validated by pyrosequencing, methylation specific-PCR or combined bisulfite resctriction analysis 19 in the absence of associated deletions.
Pyrosequencing validation: Accuracy in quantification by pyrosequencing technology is primarily limited by variation in PCR amplification, so it is recommended to run analysis in triplicate with internal controls for fully methylated and/or unmethylated DNAs. Confirmation of methylation defect in an independent biological sample of the index case. On the other hand, the majority of PHP-Ib patients, who classically display hormone resistance limited to PTH and sometimes TSH with no AHO, display methylation defects in the imprinted GNAS cluster. Recent data on both clinical and molecular aspects of these complex disorders have challenged the distinction of different GNAS-related diseases. As stated in point 1.2, in a subset of patients with PHP and variable degrees of AHO, epigenetic defects of GNAS similar to those classically found in PHP-Ib have been detected, suggesting a molecular overlap between PHP-Ia and Ib.
Overall, the phenotypes are highly variable. If an alternative diagnosis is excluded, GNAS mutation/epimutation screening should be performed in all the subjects with hormone resistance with or without AHO signs.
Prenatal diagnosis is technically feasible but it is only recommended when one of the parents carries a coding mutation or deletions/alterations in the regulatory regions of GNAS. Specificity:
TEST CHARACTERISTICS
Negative predict value:
Analytical sensitivity (proportion of positive tests if the genotype is present)
The sensitivity of MS-MLPA approaches 100% for deletion detection, but errors can be made when a polymorphism is present in the probebinding site, thus resulting in a false allele dropout as described by the manufacturer. For methylation defects low-grade mosaics 16, 19 might not be detected.
The sensitivity for genomic sequencing also approaches 100% for mutation detection, but errors can be made because of polymorphisms causing allele dropout. Mutations outside the coding exons in promoters or enhancers are likely to be missed.
Analytical Specificity (proportion of negative tests if the genotype is not present)
Nearly 100%.
Clinical Sensitivity (proportion of positive tests if the disease is present)
The clinical sensitivity can be dependent on variable factors such as age or family history. In such cases a general statement should be given, even if a quantification can only be made case by case.
The presence of ectopic ossifications in the context of normal kidney function is associated with haploinsufficiency of GNAS in the great majority of patients.
The proportion of identified loss-of-function mutations of GNAS is close to 70% when the phenotype is present (ie AHO and hormone resistance).
The proportion of identified loss of imprinting at GNAS is close to 80-90% when the phenotype is present (ie isolated hormone resistance).
Clinical specificity (proportion of negative tests if the disease is not present)
The clinical specificity can be dependent on variable factors such as age or family history. In such cases a general statement should be given, even if quantification can only be made case by case.
Nearly 100% (the unaffected carriers of STX16 and NESP55/ NESPas deletions in PHP-Ib families will have the test positive, but are not predicted to develop the disease at all).
Positive clinical predictive value (life time risk to develop the disease if the test is positive)
So far, the identification of the mutation has been always associated with development of the disease (personal experience, 22 ), excluding the unaffected carriers of the regulatory mutations in PHP-Ib families.
2.6
Negative clinical predictive value (probability not to develop the disease if the test is negative) Assume an increased risk based on family history for a non-affected person. Allelic and locus heterogeneity may need to be considered.
Index case in that family had been tested: If a pathogenic GNAS alteration is identified in the index case, the negative predictive value is close to 100%.
Index case in that family had not been tested: Genetic heterogeneity with undiscovered gene(s) or alternative (epi)genetic mechanisms might account for E30% of PHP individuals with negative testing for GNAS but who still have the condition.
3. CLINICAL UTILITY 3.1 (Differential) diagnosis: The tested person is clinically affected (To be answered if in 1.10 'A' was marked)
Can a diagnosis be made other than through a genetic test?
No Overall, careful clinical examination, together with appropriate endocrine testing, can suggest the diagnosis even if genetic testing cannot confirm it.
Describe the burden of alternative diagnostic methods to the patient
Diagnosis of PHP is defined by the co-existence of hypocalcemia and hyperphosphatemia with elevated PTH levels in the presence of normal vitamin D values, normal renal function and the absence of hypercalciuria. Beside calcium metabolism, thyroid and gonadal function, GH secretion and calcitonin should be measured in all the patients with suspected hormone resistance. In difficult cases, resistance to PTH can be definitively ascertained using recombinant PTH (1-34) either as an infusion test as described in Linglart et al 23 based on the Ellsworth-Howard test or as a subcutaneous challenge. 24 For PHP-Ia diagnosis, diagnostic procedures should also include evaluation of AHO: X-ray analysis revealing brachydactyly of all digits or affecting mainly the fourth and fifth digits is usually considered very suggestive. CT scan often reveals intracranial calcifications of the basal ganglia as signs of chronic hypocalcemia. Careful physical examination to detect and/or follow-up ectopic ossifications should be carried out regularly. However, AHO features are highly variable, depending upon the age of the patient and patient-to-patient variability. Genetic test remains useful to confirm clinical diagnosis and to help prognosis evaluation.
3.1.3
How is the cost effectiveness of alternative diagnostic methods to be judged? X-rays and repeated lab work approximate the cost of the genetic analysis, yet do not formally establish the diagnosis, as there is no specific bio-or radio-marker of the disease.
On the other hand, confirmation of the diagnosis by genetic testing does not prevent the use of radiological and regular biochemical analysis as the onset of the different clinical manifestations is highly variable and unpredictable. Yes, it will be cost effective, if a GNAS alteration is identified in the index patient, it can reduce the need for testing for other genetic conditions in family members by providing a diagnosis and, on the other hand, a positive genetic test result implies the possibility of predictive genetic testing in relatives. Relatives being non-carrier of the pathogenic mutation can be excluded from clinical follow-up and this will mean saving the costs of repeated biochemical analysis.
A negative test result in the index patient does not mean the disease is not hereditary so all relatives are advised to continue regular clinical follow-up. In particular:
The identification of a heterozygous inactivating mutation of the GNAS gene (including deletion in NESP55, NESPas or STX16) in patients with PHP predicts that mothers carry the mutation, except for de novo mutation. Conversely, fathers will not be affected.
The identification of a heterozygous inactivating mutation of the GNAS gene (including deletion in NESP55, NESPas or STX16) in female patients with PHP or PPHP predicts that children of the index case are at 50% risk of developing PHP. Conversely, the identification of a heterozygous inactivating mutation of the GNAS gene (including deletion in NESP55, NESPas or STX16) in male patients with PHP or PPHP predicts that children of the index case are at 50% risk of developing PPHP and/or extensive ectopic ossifications yet no hormone resistance.
No, if apparently sporadic epigenetic alterations are found, with the exception of patients with 20q disomy who will not transmit the disease.
Prenatal diagnosis
(To be answered if in 1.10 'D' was marked) 3.4.1 Does a positive genetic test result in the index patient enable a prenatal diagnosis? Depending of the laws of the Country, prenatal diagnosis may be requested when one of the parents is affected and/or carries a genetic mutation of the GNAS gene (including deletion in NESP55, NESPas or STX16).
Prenatal screening of epigenetic aberrations has not been performed for this condition.
IF APPLICABLE, FURTHER CONSEQUENCES OF TESTING
Please assume that the result of a genetic test has no immediate medical consequences. Is there any evidence that a genetic test is nevertheless useful for the patient or his/her relatives? (Please describe)
The genetic diagnosis of PHP has clinical validity for both index cases and their relatives. Genetic counseling and appropriate predictive genetic testing of family members should establish their risk for the condition. Analysis of structural-defects carrier status could be requested owing to the psychosocial implications of short stature and be useful to plan appropriate endocrine testing and consequent specific treatment.
